All of the 14 genes encoded by the cytoplasmic linear killer plasmids of Kluyveromyces lactis are preceded by upstream conserved sequences (UCSs), cis-acting elements involved in plasmid gene transcription. Using the bacterial glucose-dehydrogenase gene as a reporter, expression driven by seven cytoplasmic promoters was determined. The level of expression ranged from 0.5 to 6 nkat. The highest activity was displayed by UCS 6 of pGKL2 whereas the lowest level was obtained with UCS2 of pGKL2, all other values were in between. Sequences located 5′ upstream the UCSs do not influence expression. As exemplified for UCS5 and UCS10, deletion led to an almost complete loss of expression.
INTRODUCTION
In the dairy yeast Kluyveromyces lactis linear DNA plasmids (pGKL1 and pGKL2) are associated with a killer phenotype (1) . Plasmid harbouring strains are capable of killing a variety of other yeasts by secreting a plasmid encoded exotoxin (1, 2) . As a pecularity these plasmids are located in the cytoplasm, not in the nucleus (3) . Both plasmids carry terminal inverted repeats of nearly 200 bp and they have proteins covalently attached to their 5′ ends (3) (4) (5) (6) . From sequence analyses it became evident that the smaller plasmid pGKL1 (8.9 kb) encodes four open reading frames (ORFs). The subunits of the heterotrimeric toxin are encoded by ORF2 and ORF4, respectively (7), whereas ORF3 is instrumental in expression of the immunity phenotype (8) . ORF1 evidently codes for a plasmid specific DNA-polymerase (9) (10) (11) (12) . Ten open reading frames are reported to exist for the larger pGKL2 plasmid (4, 5, 13) . Specific functions can be attributed to only some of them. ORF2 encodes the plasmid specific DNApolymerase (13) and ORF6 codes for an RNA-polymerase, presumably responsible for transcription of all ORFs of both plasmids (14) ; ORF7 may also encode a subunit of the RNA-polymerase (15) . ORF4 might encode a helicase (16) , ORF10 definitely codes for a DNA-binding protein (17, 18) . The plasmids can be transfered to and stably maintained in several different yeasts such as Saccharomyces cerevisiae, Candida pseudotropicalis and Kluyveromyces fragilis (1, 19, 20) . Attempts to integrate a nuclear selectable marker gene into pGKL1 to obtain cytoplasmic hybrid plasmids failed, but led to the attachment of telomeres, thereby facilitating nuclear replication (21) . However, when a so called upstream conserved sequence (UCS), located upstream of each ORF of both plasmids, was placed in front of the selectable marker gene, cytoplasmically localized linear hybrid plasmids were obtained. Several marker genes LEU2, URA3 and also aph (G418-resistance) were used. For efficient expression of the genes, however, it is not sufficient to just place the cytoplasmic promoter element in front of the gene, but an in phase fusion of the start codon from the cytoplasmic ORF to the coding region of the gene to be expressed was necessary (22) (23) (24) (25) . By making use of the cytoplasmically expressible LEU2 selection system, termed LEU2* for short, we have recently developed an extranuclear expression system for analysis of cytoplasmic promoters of yeast linear killer plasmids (26) . In addition to the selectable marker the glucose-dehydrogenase gene (gdh A) originating from Bacillus megaterium (27) governed by the UCS of ORF5 was integrated.
Generally speaking, the transcription of the killer system seems to be rather weak (28) ; quantification by Northern analysis is thus hardly reproducible. That is why we developed previously the above mentioned enzymatic reporter system. In this contribution we report on experiments aiming at the expression of the glucose dehydrogenase gene using seven cytoplasmic promoters (UCSs) of both linear plasmids in the yeast S.cerevisiae. The objectives of our investigations were to analyse gene expression driven by different cytoplasmic promoters and to study the minimal sequence requirements necessary for expression.
MATERIALS AND METHODS

Strains and plasmids
For strains and plasmids employed in this study see Tables 1 and 2 , respectively.
Primers and PCR strategies
For amplification of the UCSs a respective pair of primers was designed on the basis of the published DNA sequences of the killer plasmids (4, 5, 13, 29) . In order to facilitate correct positioning of the glucose-dehydrogenase reporter gene (in phase fusion) the primer located 3′ downstream of the UCS was designed in such a way that an AccI restriction site was generated immediately adjacent to the ATG start codon of the corresponding open reading frame. The other primer located 5′ upstream the UCS contained an HindIII recognition site, thus facilitating cloning of an HindIII-AccI fragment into a glucose-dehydrogenase carrying vector. In a second PCR we used these constructs as templates to amplify the different UCS-reporter gene fusions. For this purpose we made use of an oligonucleotide (5′-CTCTTTTTTCTTACAT-GGATCCAAAACTATTAGCC-3′), located just behind the glucose-dehydrogenase coding region which at the same time provides a BamHI restriction site (in bold face) necessary for cloning. The other primer used was identical to the primer providing the HindIII site applied in the first PCR. For construction of pMS 262, 266 and 265 (see Table 2 ) the first PCR was carried out using an oligonucleotide located further 5′ upstream of the UCS in order to avoid handling PCR artefacts. Since amplification of the UCS/reporter fusions generated much too large fragments, in the second PCR the oligonucleotide was applied as indicated in Table 2 . The position of these is given in relation to the respective ATG.
PCR was routinely carried out in a thermocycler (Minicycler TM , Biozym, Hess. Oldendorf, Germany) according to the following protocol. After the first denaturation step (4 min. 95_C) 35 cycles were run: 1 min, 94_C; 2 min, 45_C; 2 min, 72_C.
Cloning methods
The AccI/HindIII digested products generated by the first PCR were cloned into pGDH1, which is a pUC BM20 (Boehringer Mannheim, Germany) plasmid containing in its SmaI site the glucose-dehydrogenase gene from B.megaterium M1286 (27) as a filled in HindIII fragment. The HindIII-AccI fragment containing the entire 5′ non-coding region of the reporter gene was replaced concomitantly by the different UCS fragments originating from the linear plasmids, resulting in the desired phase fusion.
After the second PCR to amplify these gene fusions the resulting fragments were cloned into pAR3 as HindIII-BamHI fragments eventually resulting into the different recombination vectors (see Table 2 ). The gdh gene of the different linear hybrid plasmids was recloned into Escherichia coli and activity was determined to make sure that no mutations were introduced by PCR.
Isolation of DNA
Plasmid DNA from E.coli was isolated using conventional methods (32) . Isolation of linear plasmids was performed as described by Stam et al. (3) and Kämper et al. (25) . Preparation of bulk DNA of yeast transformants was carried out according to Sherman et al. (33) with an additional proteinase K treatment following protoplast lysis (final concentration 200 µg/ml). Rapid preparations of S.cerevisiae linear plasmid DNAs, for screening transformants, were performed as previously described (34) .
Transformation protocols
Escherichia coli was transformed according to common procedures (32) . Yeasts were transformed using the lithium acetate method (35) with the addition of 10 µg sheared single stranded salmon sperm DNA (36) . Transformants were selected on yeast nitrogen base (Difco, Detroit, MI).
Analysis of DNA
Agarose gel electrophoresis was performed by conventional methods (32) . Reactions with restriction endonucleases, Klenow enzyme and DNA ligase were carried out according to the recommendation of the supplier (Boehringer Mannheim, Mannheim, Germany).
Nucleotide sequences were determined by the dideoxy chain termination method (37) using α-35 S-labeled dATP (Amersham Buchler, Braunschweig, Germany) and Sequenase (USB, Cleveland, OH).
Glucose dehydrogenase assay
Enzyme activity was determined spectrophotometrically by measuring the rate of NADH formed at 366 nm at 20_C and a light path of 1 cm (26) .
The standard assay contained 667 µl of 120 mM sodium phosphate buffer (21.36 g Na 2 HPO 4 , 8.77 g NaCl, 1.0 g EDTA, 1.0 g NaN 3 , in 1000 ml, pH 7.6), 334 µl D-(+)-glucose solution [10% (w/v) in phosphate buffer at mutarotation equilibrium], 17 µl NAD solution (70 mg in 1 ml double-distilled water) and 34 µl enzyme solution (with a protein concentration of 1 mg/ml). Enzyme activity is expressed as nkat/mg protein. 
RESULTS
Construction of recombination vectors
As shown previously, the gdh-gene of B.megaterium is ideally suited to analyse cytoplasmic promoters in yeast (26) . Since integration of foreign DNA into linear plasmids is only possible via in vivo recombination, a PCR-strategy to obtain the vectors for in vivo recombination was applied as outlined in Materials and Methods. Linear hybrid plasmids were generated by transforming recipient strains with linearized vector DNA. In Figure 1 a recombination vector (pMS266) carrying the UCS10 fused to the bacterial gdh gene is shown as an example.
In vivo recombination to generate linear hybrid plasmids
Yeast transformation experiments involved the leucine auxotrophic strain S.cerevisiae F102-2 (19). It carries both linear plasmids, pGKL1 and pGKL2. After transformation with ScaI-linearized recombination vectors, cells were selected on minimal medium (YNB). Putative transformants formed visible colonies after 5 days at 30_C, occuring with a frequency from 10 to 40 colonies/10 µg DNA. To check the plasmid pattern of these colonies, rapid DNA preparations followed by agarose gel electrophoresis were performed (data not shown). Clones were selected which contained in addition to the native killer plasmids pGKL1 and pGKL2 linear hybrid plasmids of the expected size. Since integration was targeted to the non-essential killer toxin ORF2 of pGKL1 (see also 
Determination of promoter strength
After having proven by gel electrophoresis and hybridisation that no native killer plasmid pGKL1 interfered with replication of the hybrid plasmids, photometric assays were performed to measure specific activities and hence to quantify expression of the reporter gene governed by different cytoplasmic promoters. Samples were collected during exponential growth because GDH activity reached its maximum at this growth phase (26) . Results are summarized in Figure 3 . GDH-activities range from 0.5 nkat for UCS2 of pGKL2 to 6.0 nkat for UCS6 from pGKL2. Thus, expression of a gene can be increased 12-fold by using different cytoplasmic promoters. In other words, the cytoplasmic promoters of the yeast linear killer plasmids differ significantly in strength. In this context we want to draw the reader's attention to the expression of gdh A driven by UCS6 and UCS10 of pGKL2. Since both UCSs are identical in sequence and location upstream of the ATG codon, the differences in the level of expression of the gdh-gene is surprising. These differences might be caused by further upstream located sequences which are deviating in both hybrid plasmids. In order to determine the influence of these further upstream located sequences on expression of the gdh gene we constructed hybrid plasmids which carry only the UCS fragments in front of the gdh A gene as outlined in Figure 4 . In addition, in this figure we schematically present vector pRKL159 in which the UCS10 fragment was also deleted. The corresponding GDH-activities of S.cerevisiae strains carrying the different linear hybrid plasmids are given below.
As can be deduced from Figure 4 by a comparison of the hatched to the white bars, there is no difference in the expression of the reporter gene irrespective of the fact whether there are additional 5′ upstream sequences or not, in other words, expression of the reporter gene is not influenced by sequences further 5′ upstream of each UCS.
As can also be deduced from this figure, the deletion of the UCS-fragment led to an almost total loss of expression. Similar experiments were carried out with UCS5 (data not shown), giving the same results.
DISCUSSION
Up to now little has been known about differences in expression levels of the cytoplasmic yeast linear killer plasmids. Northern analysis using plasmid DNA as a probe suggested differences in transcription of the genes located on the linear plasmids (13, 18) . Recent investigations concerning ORF2 and ORF6 of pGKL2 revealed that the latter is transcribed more efficiently (48) . In order to contribute to the UCS-directed gene expression we used the previously developed system based on the glucose-dehydrogenase from B.megaterium (26) to differentiate the efficiency of expression driven by cytoplasmic promoters.
The first step in our experiments was the establishment of in vivo recombination vectors for integrating foreign DNA into the linear plasmids. Using different primers in a PCR strategy, seven cytoplasmic promoters were fused to the gdh reporter gene in order to get the desired in phase fusions. As a selection system we used the LEU2* gene cartridge (22) accompanied by the different UCS/gdh A constructs flanked by sequences derived from ORF2 of pGKL1. Integration into ORF2 of pGKL1 and further subcultivation led eventually to non-killer progeny in which the native pGKL1 was lost, thereby ensuring that differences in expression of the reporter gene are not caused by differences in copy number of the hybrid plasmids. There are striking differences in the expression of the reporter gene when different UCSs are placed in front of it. The highest value was obtained using UCS of ORF6. This ORF codes for the plasmid specific RNA-polymerase which is, according to reporter gene assay, the most efficiently expressed cytoplasmic gene among those tested. The relatively strong expression of the RNA-polymerase ORF may be due to the fact that transcription of all ORFs of both linear elements is brought about by this unique plasmid transcription system. However, the fact that UCS6 gave the highest GDH activity does not neccessarily mean that ORF6 is the most abundantly transcribed cytoplasmic gene. Since the applied reporter gene assay comprises not only transcription but also translation, it cannot be ruled out at present that the observed differences in enzyme activity are due to factors influencing translation rather than transcription; expression may also be influenced severely by differences in mRNA turnover.
In our reporter gene assay the putative DNA-polymerase (ORF2) of pGKL2 seems to be expressed quite inefficiently when compared with the RNA-polymerase. Nevertheless, expression of this DNA-polymerase ensures a copy number of ∼50-100 per cell (1). The DNA-polymerase specific for pGKL1, i.e. ORF1 of this element, is expressed more efficiently. Since pGKL1 strictly depends on pGKL2 (2,8) differences in the expression of both DNA-polymerases might reflect this rigid dependency.
Expression of the reporter gene from all other UCSs tested, ranged between the values of ORF2 (pGKL2) and ORF6 (pGKL2). Thus, it is not possible to differentiate in general promoters of pGKL1 and pGKL2 in terms of expression of the reporter gene.
The results of our deletion studies using UCS6 and UCS10 are entirely consistent with recent data from expression studies using UCS5 (28), in which it was shown that no sequences downstream of position -82 are required for expression of ORF5. As it has now been reported for three separate UCSs the short conserved sequence motifs upstream of each ORF constitute most essential parts of cytoplasmic promoters. For expression to occur it is only necessary to have a UCS in the right position in front of the gene to be expressed. The fortituitous in vivo creation of a functional promoter governing the aph gene (G418 resistance) reported by Cong et al. (38) adds further evidence to this statement. Since UCS elements can be found at appropiate locations upstream of all ORFs of cytoplasmically localized linear yeast plasmids (14, (39) (40) (41) (42) (43) (44) these results have a general impact on transcription of cytoplasmically linear plasmids. We cannot rule out at present the existence of further upstream located regulating sequences, but the deletion studies using UCS6 and UCS10 as well as previous studies concerning UCS5 (28) suggest that the UCS containing fragment upstream of the start codon fulfills the minimal requirements for promoter function.
However, when UCS6 and UCS10 of pGKL2 are compared, significant differences can be seen although both UCSs are identical in sequence and their relative positions to the ATG-start codon are identical. Since we ruled out an influence on expression of further 5′ upstream located sequences the different levels could be due to sequences located inbetween the UCSs and the ATG-start codon. It is at present not known whether the observed differences are due to the interaction of these sequences with the plasmid specific RNA-polymerase encoded by ORF6 or whether they are caused by less efficient translation of the ORF10 transcript or by differences in mRNA turnover. Since the reporter assay comprised both transcription and translation, results presented should not be restricted to messenger RNA synthesis exclusively. Experiments to answer these questions are in progress.
The expression of the glucose-dehydrogenase gene is poor compared with bacterial systems (27, 45) and also with nuclear promoters of yeast (Schickel and Meinhardt, unpublished data). Since linear plasmids are considered to be remnants of viruses (46, 47) this low level of expression has presumably evolved to ensure stable propagation of the elements and at the same time not to pose severe disadvantage to their hosts. The main application of linear plasmids remain for the present in the area of basic research, for biotechnological exploitation it is desirable to increase efficiency of cytoplasmic transcriptional and/or translational signal sequences, e.g. by site directed mutagenesis and/or combination of different UCSs.
